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ENGINEERING DEVELOPMENT OF 
FLUID-BED FLUORIDE VOLATILITY PROCESSES 

Par t 7. The Corrosion of Nickel 
in P rocess Environments 

by 

A. A. Chilenskas and G. E. Gunderson 

ABSTRACT 

Corrosion studies in support of the Fluoride Volatility Program 
are in p rog re s s . Two types of tes ts have been used for this program: 
smal l -sca le laboratory tes ts conducted in tube furnaces, and in-plant ex
posure t e s t s . The laboratory tes ts were designed to examine the effect 
upon nickel of sho r t - t e rm and long-term exposures of selected gaseous 
environments that were representat ive of gaseous environments found 
in Fluoride Volatility processing. The in-plant tes ts consist of exposing 
specimens within various pieces of pilot-plant equipment and evaluating 
the corros ion ra tes after the completion of one or more process cycles. 
The resul t s of both types of tes ts show: 

1. Under conditions of low gas flow ra t e s , where protective 
films can easily form, the corrosion rate of nickel by fluorine alternated 
with hydrogen chloride and fluorine alternated with oxygen is low (1-4 m i l s / 
yr) and is in close agreement with the rate exhibited by nickel for fluorine 
alone. 

2. Under conditions where films form less readily (high gas ve
locities) or can be removed upon being formed (fluid-bed impingement), 
the corrosion ra te is significantly higher than that under static conditions 
but less than the ra te that would occur if no protective film formed at all . 
Experimental evidence of the effect of a fluidized bed upon the corrosion 
rate of nickel shows that the rate is increased due to the presence of the 
bed. For the conditions studied, the corrosion ra tes in plant equipment 
would be expected to range between 12 and 40 m i l s / y r , the lower values 
existing in most of the components while the higher values would be ex
pected for those components in contact with the fluid bed. 

3 The corros ion ra tes obtained under "stat ic" conditions for 
long- term exposure of two types of nickel welds have been compared. 
Nickel welds made with nickel-200 metal filler have been shown to be 
clear ly superior to welds made with nickel-61 filler metal The corrosion 
r a t e s of welds made with nickel-200 range from 1-5 mi l s / y r (comparing 





closely with the corrosion ra te for nickel plate, 1-4 m i l s / y r ) , while the 
welds made with nickel-6l filler metal ranged from 67-1315 m i l s / y r . 
Some evidence obtained indicates that the presence of a small amount of 
titanium in the nickel filler meta l -6 l is the cause of the high corrosion 
ra tes exhibited. 

4. Specimens examined metallographically in both laboratory-
scale and in-plant environments have exhibited little or no evidence of 
intergranular attack. Several specimens from the in-plant tes ts have 
shown a few a r ea s where apparent intergranular attack ranging in depth 
from 1 to 2 mi ls has occurred. 

5. Several pa ramete r s that were thought to have a possible effect 
upon the integrity of the protective film were studied for their effect upon 
the corros ion ra te of nickel. Thermal cycling of a specimen exposed to 
process environments had little or no effect upon the corrosion ra te . Ex
posure of the specimen to air after each process cycle also did not greatly 
affect the corros ion ra te . 

I. INTRODUCTION 

Fluid-bed fluorine volatility processes a re being developed for the 
recovery of both uranium and plutonium from spent nuclear fuels. Nickel 
has been used extensively as a mate r ia l of construction in both laboratory-
scale and pi lot-plant-scale equipment used in these studies. A corrosion 
program has been ca r r ied out over the past several years at ANL to ex
amine the suitability of nickel as a mater ia l of construction for plant use. 
The types of tes ts employed were : (1) laboratory tes ts in which nickel 
specimens were exposed within furnace tubes to selected gases under 
closely controlled conditions of flow and tempera ture , and (2) in-plant 
tests in which nickel specimens were located in various places withm 
pilot-plant equipment and exposed to processing environments. The r e 
sults of these tes t s a r e presented and compared with each other, as well 
as with kinetic ra te data. 

II THE LONG-TERM CORROSION OF WELDED AND NONWELDED 
NICKEL-200 PLATE IN "STATIC" GAS ENVIRONMENTS 

A. Mate r ia l s , Apparatus , and Experimental Procedure 

These tes t s were conducted by exposing nickel specimens, held 
in a nickel furnace tube, to various gas mixtures under conditions of gas 
flow such that the corrosion films that formed were not disturbed during 
the experiment. For the purpose of this repor t , this condition is designated 
as "s ta t ic" gas flow. The nickel furnace tubes were heated with res is tance 
furnaces, and the t empera tu res were measured by chromel-alumel 
thermocouples . 





The fluorine used in these studies was purchased from the Allied 
Chemical Company and was passed through a heated sodium fluoride t rap 
for the removal of hydrogen fluoride. The hydrogen chloride was pur
chased from the Matheson Company and used directly from the tank. 

The gas environments studied were : (1) 50 v/o fluorine in nitrogen, 
(2) 50 v /o fluorine in nitrogen, alternated with 50 v/o hydrogen chloride in 
nitrogen, and (3) 50 v /o fluorine in nitrogen, alternated with 50 v/o oxygen 
in nitrogen. The gas mixtures were produced by metering the individual 
gas s t r eams with ro tometers and permitting them to mix in the inlet line 
before entering the furnace tube. 

Nickel-plate samples , 3/4 by 2-^ in., were cut from l / l 6 - and l /4 - in . 
plate. The welded specimens were made from 3/ l6- in . plate.^ The spec
imens were made by welding two pieces of plate, 1/2 in, by 2 ^ in, long, 
using full-penetration TIG welding* with nickel filler metal-61 or nickel filler 
metal-200.** The ends of the specimens were cut, and the four edges were 
ground with metallographic polishing paper to remove disturbed metal . The 
specimens were then stamped with an identifying number, degreased, and 
weighed. After exposure, the specimens were defilmed in an equimolar salt 
bath of potassium ni t ra te-sodium nitrate at 500°C for one-half hour. The 
specimens were reweighed, and the corrosion rate was calculated from the 
weight loss based upon the exposure t ime and original specimen area . Both 
the plate and welded specimens were sectioned, mounted inbake l i te , and 
polished to a half-micron finish. These samples were etched, using freshly 
prepared and mixed solutions of 10% sodium cyanide and 10% ammonium 
persulfate. The samples were then examined microscopically for inter
granular attack. 

B. Results and Discussion 

The resu l t s of long- term exposure to the three gaseous environ
ments a re shown in Table I. As noted, the gas velocity past the specimens 
was about 0.002 f t / sec . Each value shown represents an average for four 
specimens evaluated after exposure t imes of 240, 480, and 960 hr . 

The corros ion rate of nickel-200 plate was 0.9 mi l /y r for an a tmos
phere of 50 v/o fluorine in nitrogen, with the specimens held at about 475 C. 
The corrosion ra tes for the fluorine-hydrogen chloride environment and 
fluorine-oxygen environment were somewhat higher than the 50 v/o fluorine 
environment, but the range of values (0.9-4.1 mi l s /y r ) indicates that only 
a small change in the corros ion ra te occurs when a fluorine environment 
is al ternated with either hydrogen chloride or oxygen. Metallographic ex
amination of the specimens after exposure disclosed no evidence of 
in tergranular penetration. 

*Inert Gas Tungsten Arc p rocess . 
**The composition of these mater ia l s is given in the footnotes of 

Table I. 





Table I 

THE LONG-TERM CORROSION OF WELDED AND NONWELDED 
NICKEL-200 PLATE IN GASEOUS ENVIRONMENTS 

Environment 

F2 at 475d 

F J / H C I at 450*= 

F2/O2 at 50of 

Nicki 

240 hr 

0.9 

2 ,1 

1.9 

; l -200 P la te^ 

480 hr 960 hr 

0,9 

1,5 

3,8 

0 ,9 

0.9 

4 .1 

Corros ion Rate, 

61 Fill . 

240 hr 

1315 

67 

382 

sr Metal 

480 hr 

763 

76 

6 7 3 

m i l s / y r 

Welds*' 

960 hr 

695 

70 

707 

Nickt 

240 hr 

2,0 

3.3 

5,0 

;l-200 W. 

480 hr 

3,4 

2 .2 

4 , 4 

slds^ 

960 hr 

0.6 

1,1 

2 .2 

aNickel-200 pla te , th icknesses 1/16 and l / 4 in,, manufactured by the International 
Nickel C O . , Inc. , with a nominal composit ion in precent : Ni-99.5 , C-0,06, Mn-0,25, 
F e - 0 , 1 5 , S-0,005, Si -0 ,05, and Cu-0.05, 

• 'These spec imens were made of two pieces of nickel-200 plate, 3/16 in. thick, welded 
together using nickel filler meta l -61 and the Inert Gas Tungsten Arc (TIG) p roces s . 
The fi l ler meta l is manufactured by the International Nickel Co., Inc. , and has the 
following nominal composit ion in percent ; Ni-93,0, C-0,15, Mn-1,0 , F e - 1 , 0 , S-0.01, 
Si -0 ,75, Cu-0,25, Al-1 .50, T i -Z ,0-3 ,5 , other 0,50. The cor ros ion ra te was calcu
lated by determining the weight loss after defilming, and assuming this was lost 
uniformly from the original weld a r ea , 

'=These spec imens were made of two pieces of nickel-200 plate, 3/16 in, thick, TIG-
welded using nickel-200 filler meta l . The cor ros ion ra te was calculated by de te rmming 
the weight loss of the specimen after defilming. and assuming this was lost uniformly 
from the total specimen a r e a . 

^Specimens held at 475 + 35°C in an a tmosphere of 50 v /o fluorine in ni trogen at about 
1000 m m Hg absolute . Gas velocity past coupons about 0,002 f t / sec , 

espec imens held at 450 ± 10°C in an a tmosphere of 50 v /o fluorine in ni trogen, a l t e r -
nated with an a tmosphere of 50 v /o HCl in ni t rogen every 24 hr , System p r e s s u r e and 
gas velocity s imi la r to those l is ted in i tem d above, 

fSpecimens held at 500 ± 25°C in an a tmosphere of 50 v /o fluorine in ni t rogen, a l t e r 
nated with an a tmosphere of 50 v /o oxygen in ni t rogen every 24 hr . Flow condition 
s imi la r to those l is ted in i tem d above. 

A comparison of the values for the corrosion rate of nickel-200 
welded with weld filler me ta l -61 . and nickel-200 welded with nickel-200 
filler, shows that the welds made with nickel-200 filler have superior cor
rosion res is tance in every instance. The high corrosion ra tes -^^^^^ 
by the 61-filler metal welds a re believed due to the P - s e n c e of titanium 
in the filler metal . That i s . the titanium present in the weld forms volatile 
compounds under the film of nickel fluoride that ordinarily forms a p ro
tective layer on the nickel. The p ressu re buildup under the film and sub
sequent r l l e a s e of p re s su re resul ts in a rupture and loss of integrity of 
the film X-ray analysis showed that TiOF^ was the major constituent of 
a condensed phase in the gas s t ream exhausting from the test furnace m 
which the specimen was exposed to environment e of fable i. 





A comparison of the corrosion ra tes for nickel-200 plate with 
nickel-200 welded with nickel-200 filler metal shows that the welded speci
mens exhibit only slightly higher corrosion ra tes than the plate specimens 
(1-5 m i l s / y r compared to 1-4 m i l s / y r ) . Both welded and nonwelded speci
mens were examined metallographically for evidence of intergranular pen
etration and localized attack in a reas where h igh-s t ress concentration would 
be expected. No such evidence was found. 

I I I . THE CORROSION RATE OF NICKEL-200 FROM IN-PLANT TESTS 

A. Mater ia l s , Apparatus, and Experimental Procedure 

The corrosion rate for nickel specimens exposed to process condi
tions was obtained by suspending specimens in various locations within a 
pilot plant that was built and used to study the fluid-bed fluoride volatility 
processing of high-enriched uranium alloy fuels. The pilot plant is de
scribed in Ref. 2. Some specimens were also exposed in a bench-scale 
fluidized-bed reac tor . The corrosion specimens were 1 by 2^ in,, about 
25 mils thick, and drilled with a l /4 - in . hole. The procedure used to 
evaluate the corrosion rate from these specimens was similar to that fol
lowed in the long-term tes ts described in Section II. 

B. Results and Discussion 

The corrosion rate of nickel-200 obtained from specimens exposed 
to the high-enriched pilot-plant environment is shown in Table II. 

Table n 

THE CORROSION RATE OF NICKEl-200 PLATE FROM IN-PLANT TESTS ^ 

Test 
Designation 

Test 
Identification 

Runs 1-6 
Pilot-plant 

Runs 1-8 
Pilot-plant 

Run 10-attrition 
Run-pilot-plant 

Run 10 

Runs 13,14 and 15 
Pilot-plant 

Test Conditions 

Zircaloy and aluminum fuel elements 
without uranium reacted with U) HCl 
at 440°C and (2) HF at 310°C. 

Includes Runs 1-6 above, plus 
Runs 7 and 8 with uranium. Proce
dure lor Runs 7 and 8 Included 
11) HCl at 440=0. (21 HF at 310°C, and 
(3) Fj at 250-500°C. 

Attrition run performed without fuel 
charge (11 HCl at 380°C, (21 HF at 
355°C, and (31 F2 at 3«)°C. Run 10 
conditions below. 

Aluminum-uranium alloy charge 
(11 HCl at 370°C, (21 HF at 360°C, and 
(31 fl at 250-500°C, 

Zircaloy-2 uranium alloy charge 
(11 HCl at 360-3W°C, (2) HF at 360°C, 
and 131 F2 at 250-520°C. 

Exposure (hrl 

Corrosion Rate 
mils/yr 

In Beda 

aihe bed consisted of 28 to 100 mesh, high-fired alumina, fluidized at a velocity of approximately 0,6 ft/sec. 

Out of Bed 
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As is shown, the corrosion rate for in-plant exposed specimens 
ranged from 12-40 m i l s / y r . with the higher values obtained for the speci
mens in contact withthe fluidized alumina bed. Visual observation of the 
specimens in contact with the fluidized bed after removal from the reactor 
showed the specimens to be polished to a satin finish. The hole drilled to 
support the specimens was found to be slightly enlarged. This was deter 
mined to be due to the movement of the coupon against its supporting peg 
by the action of the fluid bed. Since this erosion effect is small and difficult 
to acces s , the co r ros ion- ra te calculations were made including the erosion 
loss along with corrosion loss . The values reported for the in-bed speci
mens a re conservat ive, i .e . . higher than will be experienced by a fixed 
surface in plant equipment. The specimens were defilmed and their c o r r o 
sion ra tes calculated in the manner previously described. Representative 
samples were polished, etched, and examined microscopically for evidence 
of intergranular corrosion. In general , no such evidence was found. Several 
specimens exhibited a few a reas where apparent intergranular attack to a 
depth of 1-2 mi ls had occurred. The maximum penetration found for all the 
specimens examined was 4 mi ls . 

IV. THE EFFECT OF THERMAL CYCLING UPON THE 
CORROSION RATE OF NICKEL-200 IN A 

"STATIC" FLUORINE ENVIRONMENT 

In this tes t , a furnace tube containing corrosion specimens was 
maintained continuously at 550 ± 10°C and was fed a mixture of 50 v/o 
fluorine in nitrogen at 5 ± 1 psig for 8 hr each day. For the remainder 
of each day. a purge of nitrogen only was maintained. A second reactor 
in se r i es with the first received the same reactants for the same t imes , 
but the t empera ture was maintained at 550 ± 10°C only for the 8 hr of 
fluorine exposure, following which it was cooled to room tempera ture and 
reheated to 550°C before the next cycle. 

Two types of specimens were used: 3 / l6- in . nickel-200 plate, and 
3 / l6 - in nickel-200 plate with a machined "V" notch filled with nickel-200 
weld metal . The weld metal was laid down by the TIG welding procedures , 
and the beads were ground flush. Tripl icates of the specimens were in
cluded in each reac tor . Both reac to r s received 10 cycles (80 hr total 
exposure to fluorine). After exposure, the specimens were defilmed m an 
equimolar bath of KNOj-NaNOj at 500°C for 15 min and weighed. The r e 
sults of these tes t s a re shown in Table III. The effect of thermal cycling 
under these conditions is negligible. 
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T a b l e III 

T H E E F F E C T O F T H E R M A L CYCLING U P O N T H E CORROSION R A T E 
O F W E L D E D AND N O N W E L D E D N I C K E L - 2 0 0 P L A T E 

C o n d i t i o n s : 

T e m p e r a t u r e : 550°C 
R e a g e n t G a s : 50 v / o F^ in N^ 
F l o w V e l o c i t y : About 0.002 f t / s e c 

C o r r o s i o n R a t e , m i l s / y r 

C o n s t a n t T e m p e r a t u r e T h e r m a l C y c l e d 

N i c k e l P l a t e 2 .6 3.9 

W e l d e d N i c k e l 6-2 *-^ 

V . T H E E F F E C T O F A I R E X P O S U R E U P O N T H E C O R R O S I O N R A T E 

O F N I C K E L - 2 0 0 E X P O S E D T O H C l A N D F L U O R I N E 

A t e s t w a s m a d e t h a t e x a m i n e d t h e e f f e c t of e x p o s i n g n i c k e l - 2 0 0 

c o r r o s i o n c o u p o n s t o t h e a i r a f t e r t h e y h a d b e e n e x p o s e d t o H C l a n d F j a t 

p r o c e s s t e m p e r a t u r e s . T h e c o n d i t i o n s a n d r e s u l t s of t h i s t e s t a r e s h o w n 

i n T a b l e I V . 

T a b l e IV 

T H E E F F E C T O F AIR E X P O S U R E U P O N T H E CORROSION R A T E 
O F N I C K E L - 2 0 0 E X P O S E D T O H C l AND F L U O R I N E 

S p e c i m e n s w e r e e x p o s e d in two f u r n a c e t u b e s e a c h of 
w h i c h w e r e s u b j e c t e d to t h r e e c y c l e s of r e a g e n t s and 
t e m p e r a t u r e s a s shown b e l o w . B e t w e e n c y c l e s , e a c h 
f u r n a c e t ube w a s a l l o w e d t o coo l to r o o m t e m p e r a t u r e 
o v e r n i g h t u n d e r n i t r o g e n . Whi l e a t r o o m t e m p e r a t u r e , 
one of t h e t u b e s w a s e v a c u a t e d and s u b j e c t e d to t h e flow 
of r o o m a i r for one h o u r , w h i l e the o t h e r w a s m a i n t a i n e d 
u n d e r n i t r o g e n . 

A i r - e x p o s e d N; B l a n k e t 

T y p e of S p e c i m e n m i l s / c y c l e a ^ U s / y r b ^ j l s / c y c l e a „ , n s / y r b 

N i c k e l P l a t e 0.011 10 0 .010 8 
W e l d e d P l a t e 0.015 13 0^0_10 8 

a i c y c l e = 6 h r 50% H C I / H ^ a t 375°C 

3 h r 50% F2/N2 a t 375 -500°C 

F l o w R a t e : About 0.002 f t / s e c , 

b B a s e d u p o n o n e - c a l e n d a r - y e a r e x p o s u r e (8750 h r ) 
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As is shown by the resul ts in Table IV, the specimens that were 
a i r -exposed exhibited slightly higher corrosion ra tes than those kept under 
nitrogen. For all pract ical purposes, this difference is not considered 
significant. 

VI. THE EFFECT OF A FLUIDIZED BED OF ALUMINA UPON 
THE CORROSION RATE OF NICKEL-200 PLATE 

Two runs have been conducted in the Senior Cave bench-scale equip
ment in which the effect of a fluidized bed of alumina upon the corrosion 
rate of nickel-200 plate was examined. The specimens were fastened so as 
to prevent their movement and hence eliminate erosive effects. The resul ts 
and conditions of these runs a re given in Table V, 

Table V 

THE EFFECT OF A FLUIDIZED ALUMINA BED 
UPON THE CORROSION RATE OF NICKEL-200 PLATE 

Run 1 - Prefluorination at 25-450°C for 2 | h r ; HCl at 370°C 
for 8 hr . Fluorination at 250-500°C for 4 hr. Du
plicate specimens exposed. No alumina bed in the 
reaction zone of the reactor . Alumina bed present 
in the fixed-bed filter. 

Run 2 - Conditions similar to Run 1, except an alumina bed 
was added to the reaction zone of the reactor . Gas 
velocities were such as to maintain the alumina 
fluidized. except for the latter part of the fluori
nation step. 

Corrosion Rate, mi l s /y r 

Specimen Locations Run 1, No Bed Run 2, Alumina Bed^ 

Reaction zone of reactor 

Disengaging section 18 

11 23 

16 

Fixed-bed filter 12 9 

^Alcoa T-61 Alumina, 28-100 mesh. 

As shown, the presence of an alumina bed when fluidized increases 
the corrosion rate significantly (U mi l s / y r without bed. 23 mi l s / y r with 
bed) The presence of the alumina under nonfluidized conditions does not 
appear to affect the corrosion rate as seen by comparing the rate obtained 
(Run 1) in the fixed-bed filter with that in the reaction zone in the reactor 
(12 m i l s / y r compared to 11 mi l s /y r ) . 
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VII. A COMPARISON OF THE CORROSION TEST RESULTS WITH 
REACTION RATE DATA FOR NICKEL IN FLUORINE 

In an attempt to understand the corrosion process and to evaluate 
the relat ive importance of part icular pa ramete rs under study in the lab
ora tory t e s t s , the resul t s of the laboratory tes ts were compared with the 
resul t s of the in-plant tes t s and with chemical reaction kinetic data. 

The laboratory test data (Section II) obtained for fluorine, fluorine 
al ternated with HCl. and fluorine alternated with oxygen, are compared 
(Figure 1) with corrosion values calculated from a kinetic study of the 
reaction between nickel and fluorine. The laboratory values shown are the 
average values obtained from exposure periods of 240, 480, and 960 hr . 
The comparison shows that the ra tes obtained in the laboratory tests a re 
in close agreement with the values found for pure fluorine in the kinetic 
study. It is important to note that the comparison is made for specimens 
that have been exposed to the reactants for a long period of time under 
conditions of "s tat ic" reagent supply that permit protective films to form. 
As can be seen from Figure 11. p. 18 of Ref. 1. the rate of change of the 
reaction rate between nickel and fluorine with time after an exposure of 
33 hr becomes small , and the comparison made in Figure 1 (exposures of 
240 hr and higher) is valid. Under these conditions, the conclusion may be 
made that alternating a fluorine environment with HCl or with oxygen does 
not significantly increase the corrosion ra te . 

Figure 1 

THE LONG-TERM CORROSION OF NICKEL-200 
IN STATIC GASEOUS ENVIRONMENTS 

A F2 /HCI , TABLE I 

D Fa/Oz, TABLE I 

O F2, TABLE I 

F2, EXPOSURE I YEAR, CALCULATED / 
FROM DATA OF REF. 1 \ ^ / 

-n 
iSd ^o5 500 600 

TEMPERATURE, °C 

The protective nature of the nickel fluoride film is i l lustrated in 
F ieure 2 As is shown, the corrosion ra te is very rapid initially and de
c reases markedly as the film of nickel fluoride increases in thickness; 
therefore , the corrosion rate wiU be highly dependent upon the thickness 

f the film that exists at any part icular t ime. In process equipment, where 
f i r ly high gas velocities exist and/or there is attrition due to fluidized 
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Figure 2 

CORROSION OF NICKEL IN FLUORINE AS A 
FUNCTION OF TEMPERATURE AND TIME 

Based upon data from Ref. 1 

b e d of a l u n n i n a , f i l m s f o r m e d u n d e r 

q u i e s c e n t c o n d i t i o n s w i l l b e r e m o v e d 

t o sont ie e x t e n t . R e s u l t s o b t a i n e d i n 

b o t h t h e l a b o r a t o r y s t u d i e s a n d f r o m 

t h e p i l o t - p l a n t s t u d i e s s h o w t h a t t h e 

c o i r r o s i o n r a t e i s i n c r e a s e d b y t h e 

a c t i o n of a f l u i d i z e d b e d of a l u m i n a , 

i n d i c a t i n g s o m e f i l m r e m o v a l . T o 

e s t i m a t e t h e e x t e n t of t h i s f i l m r e 

m o v a l , t h e c o r r o s i o n r a t e of s p e c i 

m e n s e x p o s e d t o t h e a c t i o n of a 

f l u i d i z e d b e d w a s p l o t t e d a n d c o m 

p a r e d w i t h t h e c o r r o s i o n r a t e of 

n i c k e l i n f l u o r i n e h a v i n g c o n s t a n t 

f i l m t h i c k n e s s e s . T h e e f f e c t of t h e 

p r e s e n c e of o t h e r g a s e s ( H C l , O2) 

h a s b e e n s h o w n t o b e s m a l l i n t h e 

l o n g - t e r m l a b o r a t o r y t e s t s a n d c a n 

b e n e g l e c t e d f o r p u r p o s e s of t h i s 

c o m p a r i s o n . A s i s s h o w n b y t h i s 

p l o t ( F i g u r e 3 ) , t h e i n - p l a n t s p e c i 

m e n s e x p o s e d t o a f l u i d i z e d b e d 

b e h a v e a s t h o u g h t h e y a r e p r o t e c t e d b y a t h i n f i l m e q u i v a l e n t t o w h a t w o u l d 

b e p r o d u c e d b y a n e x p o s u r e t o f l u o r i n e u n d e r s t a t i c c o n d i t i o n s f o r 5 h r o r 

-

-

Temp, 
°C 

300 
400 
500 
600 

— 600 ' 'C 

. . — 5 0 0 ° C 

.^AOO-C 

X T . - - 300'C 

1 1— 
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tial Rate: 
ore: 1 m 

112 
324 
m 

1550 

Rate, m i l s /y r 

Final Rate: 
n Exposure: 1 yr 

0,7 
1.5 

13 

^ ~ 
EXPOSURE TIME, 

l e s s . 

Figure 3 

COMPARISON OF IN-PLANT CORROSION RATES 
WITH KINETIC RATE DATA FROM REF. 1 

CONSTANT FILM THICKNESS 
i-hr Fz EXPOSURE 

(calculated from Ref. I) 

N-PLANT RftTE (in bi 
TEMP RANGE; 

250-500'C 
CORROSION RANGE: 

35-40 mils/yr 

FILM THICKNESS 
Fj EXPOSURE 
ted from Ref. I ) 

400 
TEMPERATURE,-' 
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VIII. SUMMARY 

Corrosion data from both laboratory tes ts and in-plant exposure 
tes t s have been obtained. Long-term exposures in essentially static gas
eous mixtures representat ive of fluid-bed fluoride volatility environments 
have shown the corrosion rate of nickel-200 to be low (1-4 mi l s /y r ) and 
in close agreement with the rate for nickel in fluorine alone. 

Pilot-plant tes t s in which specimens were exposed to the actual 
process ing environments (nonirradiated uranium alloys were processed) 
showed corros ion ra tes in the range of 12-40 m i l s / y r . The higher values 
were found in specimens directly exposed to the action of a fluidized bed 
of alumina, while the lower values were found in a reas outside the flu
idized bed. The increase in the corrosion rate due to the action of the 
fluidized bed was confirmed by an experiment in bench-scale apparatus. 
An examination of the kinetic data from Ref. 1 shows the corrosion rate 
of nickel in fluorine to be highly influenced by the film thickness and 
suggests that the rate-control l ing parameter for a part icular temperature 
range is the formation (or destruction) of protective films within the 
equipment. The relat ive film thickness was estimated by comparing in-
plant data obtained from specimens in contact with the fluidized bed with 
kinetic data. This comparison shows that complete film removal is not 
obtained and the specimens behave as though they are protected by a thin 
film equivalent to what would be produced by a static exposure to fluorine 
for a few hour s. 

In addition, several other pa ramete r s that were assumed to have a 
possible effect upon the protective film formed within the equipment were 
examined in laboratory t e s t s . Neither thermal cycling nor air exposure 
had a significant effect upon the corrosion ra te . 

Finally, these resul t s show that the corrosion ra tes in plant equip
ment can be expected to range between 12 and 40 m i l s / y r and that nickel 
can be regarded as a satisfactory mate r ia l of construction for many plant 
applications. 

ACKNOWLEDGMENTS 

The authors wish to acknowledge the role of others who are member s 
of the Chemical Engineering Division of Argonne National Laboratory in 
completing this work. The labora tory-sca le studies were outlined and 
initiated by W. B. Seefeldt. The pilot-plant corrosion specimens were p re 
pared and exposed during the pilot-plant development studies by J. T.Holmes 
with the ass is tance of W. A. Kremsner . Overall direction was provided by 
A A. Jonke. Finally, the authors a re happy to acknowledge the helpful con
versa t ions regarding various aspects of this work held with K. S. Turner 
of the Austral ian Atomic Energy Commission. 





16 

REFERENCES 

1. J a r r y , R. L. , Gunther. W. H., and Fischer . J. . The Mechanism and 
Kinetics of the Reactions between Nickel and Fluorine. ANL-6684 
(August 1963). 

2. Holmes, J. T.. Ste thers . H. L. , and Barghusen, J. J. . Engineering 
Development of Fluid-bed Fluoride Volatility Processes . Par t 8. 
Pilot Plant Development of a Process for Uranium Alloy Fuels , 
ANL-6973 (to be published). 





^ i 
ARGONNE NATIONAL LAB WEST 

11 


